Introduction {#bjh16424-sec-0001}
============

Follicular lymphoma (FL), a neoplasm of germinal centre B cells, is the most common subtype of indolent non‐Hodgkin lymphoma (Armitage & Weisenburger, [1998](#bjh16424-bib-0003){ref-type="ref"}; Relander *et al.*, [2010](#bjh16424-bib-0027){ref-type="ref"}) with a yearly USA incidence of approximately 3·18 new cases per 100 000 persons (Morton *et al.*, [2006](#bjh16424-bib-0025){ref-type="ref"}). FL frequently presents at advanced stage and commonly recurs following conventional therapy (Gallagher *et al.*, [1986](#bjh16424-bib-0011){ref-type="ref"}; Armitage & Weisenburger, [1998](#bjh16424-bib-0003){ref-type="ref"}; Hiddemann *et al.*, [2005](#bjh16424-bib-0014){ref-type="ref"}).

Rituximab, a chimeric anti‐CD20 monoclonal antibody, is a first‐line treatment for FL administered as monotherapy or with chemotherapy (Subramanian *et al.*, [2017](#bjh16424-bib-0029){ref-type="ref"}). Overall response rates (ORRs) to first‐line, single‐agent rituximab range from 45% to 75% in FL, with complete response (CR) rates from 7% to 37%, depending on treatment duration and assessment timing (Colombat *et al.*, [2001](#bjh16424-bib-0006){ref-type="ref"}; Hainsworth *et al.*, [2002](#bjh16424-bib-0013){ref-type="ref"}). Addition of rituximab to conventional chemotherapeutic regimens (i.e. R‐CHOP \[rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone\], R‐CVP \[rituximab, cyclophosphamide, vincristine, and prednisone\] and BR \[bendamustine and rituximab\]) achieves ORRs of 81--100% in previously untreated patients (Hiddemann *et al.*, [2005](#bjh16424-bib-0014){ref-type="ref"}; Marcus *et al.*, [2005](#bjh16424-bib-0019){ref-type="ref"}; van Oers *et al.*, [2006](#bjh16424-bib-0026){ref-type="ref"}; Marcus *et al.*, [2008](#bjh16424-bib-0020){ref-type="ref"}; Rummel *et al.*, [2013](#bjh16424-bib-0028){ref-type="ref"}; Flinn *et al.*, [2014](#bjh16424-bib-0008){ref-type="ref"}; Mondello *et al.*, [2018](#bjh16424-bib-0023){ref-type="ref"}). However, chemoimmunotherapy regimens are associated with considerable toxicity (Colombat *et al.*, [2001](#bjh16424-bib-0006){ref-type="ref"}; Hainsworth *et al.*, [2002](#bjh16424-bib-0013){ref-type="ref"}; Hiddemann *et al.*, [2005](#bjh16424-bib-0014){ref-type="ref"}; Marcus *et al.*, [2005](#bjh16424-bib-0019){ref-type="ref"}; van Oers *et al.*, [2006](#bjh16424-bib-0026){ref-type="ref"}; Marcus *et al.*, [2008](#bjh16424-bib-0020){ref-type="ref"}; Mondello *et al.*, [2018](#bjh16424-bib-0023){ref-type="ref"}). Combining rituximab with targeted therapies may yield disease control with manageable toxicity.

Inhibition of Bruton's tyrosine kinase (BTK) blocks signalling downstream of the B‐cell receptor (Honigberg *et al.*, [2010](#bjh16424-bib-0015){ref-type="ref"}), thereby interfering in a key pathway in the pathogenesis of most B‐cell lymphomas, including FL (Kuppers, [2005](#bjh16424-bib-0018){ref-type="ref"}; Irish *et al.*, [2006](#bjh16424-bib-0016){ref-type="ref"}). Ibrutinib, the only once‐daily BTK inhibitor, is indicated by the US Food and Drug Administration (FDA) for the treatment of several B‐cell malignancies and chronic graft‐versus‐host disease. In a phase 1 dose‐escalation study of ibrutinib in patients with B‐cell malignancies, those with relapsed/refractory FL demonstrated an ORR of 38% (six of 16, including three CRs) (Advani *et al.*, [2013](#bjh16424-bib-0001){ref-type="ref"}). Subsequent phase 2 studies of single‐agent ibrutinib in relapsed/refractory FL demonstrated ORRs of 21--38% (CR rates: 11--13%) (Gopal *et al.*, [2016](#bjh16424-bib-0012){ref-type="ref"}; Bartlett *et al.*, [2018](#bjh16424-bib-0004){ref-type="ref"}), suggesting ibrutinib may be an active, safe treatment for patients with FL. This phase 2 study evaluated the combination of ibrutinib and rituximab in first‐line FL.

Patients and methods {#bjh16424-sec-0002}
====================

Study design {#bjh16424-sec-0003}
------------

Study PCYC‐1125‐CA (NCT01980654) was an open‐label, non‐randomised, multicentre, phase 2 study that evaluated ibrutinib in combination with rituximab in patients with previously untreated FL. The study included two treatment arms (Arms 1 and 2) to assess the efficacy and safety of ibrutinib plus rituximab, with Arm 2 (including an 8‐week ibrutinib lead‐in) added to explore biomarkers during single‐agent ibrutinib therapy before rituximab administration. Patients were enrolled independently in each arm, with enrolment in Arm 2 starting once enrolment in Arm 1 was almost completed. Dosing regimens are described in Fig [1](#bjh16424-fig-0001){ref-type="fig"}. At study closure, all patients who were receiving ibrutinib treatment were provided the option to continue on ibrutinib in a long‐term follow‐up study.

![Treatment schema. IV, intravenous; PO, by mouth.](BJH-189-650-g001){#bjh16424-fig-0001}

Eligibility criteria {#bjh16424-sec-0004}
--------------------

Adults aged ≥18 years with previously untreated, histologically documented FL (Grades 1--3A) were eligible if they had Stage II--IV disease, life expectancy \>3 months, one or more measurable lesions ≥2 cm in longest diameter by computed tomography (CT) scan, and the investigator's expectation that the patient would benefit from therapy, with or without meeting Groupe d\'Etude des Lymphomes Folliculaires (GELF) criteria (see Supplement for additional eligibility criteria).

Endpoints and assessments {#bjh16424-sec-0005}
-------------------------

The primary endpoint was the ORR, defined as the proportion of patients achieving either CR or partial response (PR) as a best response using Cheson criteria (Cheson *et al.*, [2007](#bjh16424-bib-0005){ref-type="ref"}). Secondary endpoints included duration of response (DOR; i.e. interval between patients' first documented CR/PR and progressive disease \[PD\]/death), progression‐free survival (PFS) and overall survival (OS); imaging assessment details are described in the Supplement). The median time to response was defined as the time from initial study treatment to the initial response of either CR or PR.

Treatment‐emergent adverse events (TEAEs) were reported from the first dose of study drug through 30 days after the last dose and classified by severity (Common Terminology Criteria for Adverse Events, version 4·03) and relatedness to study treatment.

Bone marrow and peripheral blood (PB) samples were collected for BCL‐2 t(14;18) testing to evaluate minimal residual disease (MRD) for FL. Viably cryopreserved samples were assessed using a validated BCL‐2 real‐time quantitative polymerase chain reaction assay with a sensitivity of ≥1 × 10^4 ^cells (0·01%; Hematologics Inc., Seattle, WA, USA).

Statistical analyses {#bjh16424-sec-0006}
--------------------

Efficacy analyses were performed in the modified intent‐to‐treat population (eligible patients who received ≥1 dose of ibrutinib). A sample size of approximately 60 eligible patients in Arm 1 was planned; the sample size of 20 patients in Arm 2 had insufficient power for a comparison with Arm 1. Patients' ORRs were compared to the average ORR of 53% in first‐line rituximab for FL from two comparable studies (Hainsworth *et al.*, [2002](#bjh16424-bib-0013){ref-type="ref"}; Freedman *et al.*, [2009](#bjh16424-bib-0010){ref-type="ref"}); see Supplement for statistical considerations.

Study oversight {#bjh16424-sec-0007}
---------------

The study was implemented in accordance with local regulations, the principles of the Declaration of Helsinki and the International Conference on Harmonisation Good Clinical Practice guidelines. The study protocol and all amendments were approved by institutional review boards and independent ethics committees. Patients provided written informed consent.

Results {#bjh16424-sec-0008}
=======

Patients {#bjh16424-sec-0009}
--------

A total of 80 patients were enrolled (Arm 1, *n* = 60; Arm 2, *n* = 20). The median patient age was 58 years, with 26 (33%) patients aged ≥65 years. Most patients had an Eastern Cooperative Oncology Group Performance Status of 0 (74%) and a disease Stage of III (40%) or IV (44%); 50% of patients in each arm had a high‐risk Follicular Lymphoma International Prognostic Index (FLIPI) score (i.e. 3--5) and 16% of patients had bulky disease (longest axis of target lesion ≥7 cm). Patient demographics and clinical characteristics in the treatment arms are shown in Table [1](#bjh16424-tbl-0001){ref-type="table"}.

###### 

Baseline demographic and clinical characteristics.

+--------------------------------------------------------------------------+-------------------+-------------------+
| Variable                                                                 | Arm 1             | Arm 2             |
|                                                                          |                   |                   |
|                                                                          | (*n* = 60)        | (*n* = 20)        |
+==========================================================================+===================+===================+
| Age, years                                                               |                   |                   |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Median (range)                                                           | 58 (32--84)       | 55 (30--75)       |
+--------------------------------------------------------------------------+-------------------+-------------------+
| ≥65, *n* (%)                                                             | 18 (30)           | 8 (40)            |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Male sex, *n* (%)                                                        | 28 (47)           | 12 (60)           |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Cytopenia at baseline, *n* (%)                                           |                   |                   |
+--------------------------------------------------------------------------+-------------------+-------------------+
| ANC ≤1·5 × 10^9^/L                                                       | 2 (3)             | 0 (0)             |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Haemoglobin ≤110 g/l                                                     | 5 (8)             | 0 (0)             |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Platelets ≤100 × 10^9^/l                                                 | 2 (3)             | 0 (0)             |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Disease Grade, *n* (%)                                                   |                   |                   |
+--------------------------------------------------------------------------+-------------------+-------------------+
| 1                                                                        | 19 (32)           | 11 (55)           |
+--------------------------------------------------------------------------+-------------------+-------------------+
| 2                                                                        | 35 (58)           | 8 (40)            |
+--------------------------------------------------------------------------+-------------------+-------------------+
| 3a                                                                       | 6 (10)            | 1 (5)             |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Disease Stage, *n* (%)                                                   |                   |                   |
+--------------------------------------------------------------------------+-------------------+-------------------+
| II                                                                       | 12 (20)           | 1 (5)             |
+--------------------------------------------------------------------------+-------------------+-------------------+
| III                                                                      | 24 (40)           | 8 (40)            |
+--------------------------------------------------------------------------+-------------------+-------------------+
| IV                                                                       | 24 (40)           | 11 (55)           |
+--------------------------------------------------------------------------+-------------------+-------------------+
| ECOG Performance Status, *n* (%)                                         |                   |                   |
+--------------------------------------------------------------------------+-------------------+-------------------+
| 0                                                                        | 47 (78)           | 12 (60)           |
+--------------------------------------------------------------------------+-------------------+-------------------+
| 1                                                                        | 13 (22)           | 8 (40)            |
+--------------------------------------------------------------------------+-------------------+-------------------+
| ≥2                                                                       | 0                 | 0                 |
+--------------------------------------------------------------------------+-------------------+-------------------+
| FLIPI score, *n* (%)                                                     |                   |                   |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Low risk (0--1)                                                          | 7 (12)            | 1 (5)             |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Intermediate risk (2)                                                    | 23 (38)           | 9 (45)            |
+--------------------------------------------------------------------------+-------------------+-------------------+
| High risk (3--5)                                                         | 30 (50)           | 10 (50)           |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Time from first FL diagnosis to first study dose, months, median (range) | 3·1 (0·1--178·5)  | 2·6 (0·2--57·5)   |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Target lesion SPD, cm^2^, median (range)                                 | 23·7 (2·9--135·5) | 15·7 (3·0--161·0) |
+--------------------------------------------------------------------------+-------------------+-------------------+
| Bulky disease, *n* (%)                                                   |                   |                   |
+--------------------------------------------------------------------------+-------------------+-------------------+
| ≥5 cm in ≥1 site                                                         | 23 (38)           | 3 (15)            |
+--------------------------------------------------------------------------+-------------------+-------------------+
| ≥7 cm in ≥1 site                                                         | 12 (20)           | 1 (5)             |
+--------------------------------------------------------------------------+-------------------+-------------------+
| ≥10 cm in ≥1 site                                                        | 2 (3)             | 1 (5)             |
+--------------------------------------------------------------------------+-------------------+-------------------+

ANC, absolute neutrophil count; ECOG, Eastern Cooperative Oncology Group; FL, follicular lymphoma; FLIPI, Follicular Lymphoma International Prognostic Index; SPD, sum of the product of diameters.
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Treatment exposure {#bjh16424-sec-0010}
------------------

All patients received ibrutinib and were included in the modified intent‐to‐treat population for response evaluations; all patients in Arm 1 and 17 of 20 patients in Arm 2 received rituximab. Of the three patients in Arm 2 who did not receive rituximab, two had PD during the first 8 weeks of treatment with single‐agent ibrutinib and one had Grade 3 abnormal hepatic function. The primary reasons for discontinuation of ibrutinib were study termination by the sponsor with the option to enrol in a long‐term follow‐up study, PD, patient decision and adverse events (AEs) (Table [II](#bjh16424-tbl-0002){ref-type="table"}). Two (10%) patients in Arm 2 discontinued rituximab and continued ibrutinib treatment per investigator decision (Table [II](#bjh16424-tbl-0002){ref-type="table"}). The median (range) duration of ibrutinib treatment was 25·5 (0·8--41·9) months in Arm 1 and 28·9 (1·0--35·0) months in Arm 2. At study closure, 24 patients remained on ibrutinib in a long‐term follow‐up study.

###### 

Patient disposition and study treatment exposure.

+------------------------------------------------------------------------------------------+------------------+-------------------+
|                                                                                          | Arm 1            | Arm 2             |
|                                                                                          |                  |                   |
|                                                                                          | (*n* = 60)       | (*n* = 20)        |
+==========================================================================================+==================+===================+
| Received ibrutinib, *n* (%)                                                              | 60 (100)         | 20 (100)          |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Discontinued ibrutinib, *n* (%)                                                          |                  |                   |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Study termination by the sponsor with the option to enrol in a long‐term follow‐up study | 16 (27)          | 8 (40)            |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Progressive disease                                                                      | 15 (25)          | 6 (30)            |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Patient decision                                                                         | 12 (20)          | 3 (15)            |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Adverse event                                                                            | 12 (20)          | 2 (10)            |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Investigator decision                                                                    | 3 (5)            | 0                 |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Death                                                                                    | 2 (3)            | 0                 |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Patient required a prohibited concomitant medication                                     | 0                | 1 (5)             |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Duration of treatment with ibrutinib, months, median (range)                             | 25·5 (0·8--41·9) | 28·9 (1·0--35·0)  |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Relative ibrutinib dose intensity, % (range)                                             | 97·4 (63·2--100) | 97·13 (79·7--100) |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Received rituximab, *n* (%)                                                              | 60 (100)         | 17 (85)           |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Discontinued rituximab, *n* (%)                                                          |                  |                   |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| Investigator decision                                                                    | 0                | 2 (10)            |
+------------------------------------------------------------------------------------------+------------------+-------------------+
| No. of rituximab doses, median (range)                                                   | 4·0 (3--4)       | 4·0 (0--4)        |
+------------------------------------------------------------------------------------------+------------------+-------------------+
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Activity {#bjh16424-sec-0011}
--------

The median (range) follow‐up in Arm 1 was 34 (5·8--42+) months and 29 (4--35) months in Arm 2. In Arm 1, the ORR based on the best response was 85% (95% confidence interval \[CI\] 73--93), including 24 (40%) patients with CR and 27 (45%) with PR (Fig [2A](#bjh16424-fig-0002){ref-type="fig"}). Because the lower bound of the 95% CI in Arm 1 (73%) is much higher than the 53% (the null hypothesis of the study), this study suggests favourable efficacy of the combination compared with rituximab alone for previously untreated patients with low‐grade FL. In Arm 2, the ORR after rituximab initiation was 75% (95% CI 51--91), including 10 (50%) patients with CR and five (25%) with PR; 15% of patients in each arm demonstrated stable disease. The median (range) time to initial response was 2·7 (1·1--16·5) months in Arm 1 and 4·3 (1·8--18·0) months in Arm 2. Consistent with the response evaluations, all patients in Arm 1 experienced an improvement in the sum of the product of diameters (SPD) of their target lesions (Fig [3A](#bjh16424-fig-0003){ref-type="fig"}). In Arm 2, the SPD was reduced in 17 (85%) patients at week 8 (Fig [3B](#bjh16424-fig-0003){ref-type="fig"}) and in 18 (90%) patients overall (Fig [3C](#bjh16424-fig-0003){ref-type="fig"}). In some patients, responses deepened (Fig [2B](#bjh16424-fig-0002){ref-type="fig"}) and a greater reduction in SPD was seen over time (data not shown). The median DOR was not reached in either arm (Arm 1: 95% CI 30·2 months--not estimable \[NE\]; Arm 2: 95% CI 24·6 months--NE), with median follow‐up times of 30·5 months in Arm 1 and 22·1 months in Arm 2.

![Best response (A) and treatment and response duration (B). Data are presented for all patients, as all received ≥1 dose of ibrutinib and were included in the modified intent‐to‐treat population. Response was evaluated according to the International Working Group criteria for non‐Hodgkin lymphoma. CR, complete response; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable disease.](BJH-189-650-g002){#bjh16424-fig-0002}

![Percentage change in tumour size. Maximum percentage change from baseline in tumour size, calculated as the target lesion SPD, is shown separately for Arm 1 (A), Arm 2 at week 8 with single‐agent ibrutinib before rituximab initiation (B), and Arm 2 overall (C). In Arm 1, 51 of 60 (85%) patients had a \>50% reduction in SPD, and in Arm 2, 15 of 20 (75%) patients had a \>50% reduction in SPD. Colours correspond to each patient's best response; *n* represents the number of patients with an increase or decrease from baseline in tumour size. CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease; SPD, sum of the product of diameters.](BJH-189-650-g003){#bjh16424-fig-0003}

The median PFS was 41·9 months (95% CI 31·6--41·9) in Arm 1 and was not reached (95% CI 23·5 months--NE) in Arm 2 (Fig [4](#bjh16424-fig-0004){ref-type="fig"}). PFS rates at 30 months for Arms 1 and 2 were 67% (95% CI 52--79) and 65% (95% CI 37--83), respectively. At study closure, 10 patients had a follow‐up of ≥36 months. The earliest enrolled patient who had the longest PFS of 41·9 months died, and nine patients who were still on ibrutinib were rolled over to a long‐term follow‐up study. Thus, the estimate of median PFS by the Kaplan--Meier method is not reliable for this study due to the lack of sufficient follow‐up time. Four patients in Arm 1 died; the 30‐month OS rate for Arms 1 and 2 were 97% (95% CI 87--99) and 100% (95% CI 100--100), respectively. Arm 1 patients were on study for a median (range) of 34 (5·8--42+) months and Arm 2 patients for 29 (4·4--35) months. Subsequent anticancer therapy was received by 18 (30%) patients in Arm 1 and five (25%) in Arm 2.

![PFS. Data are shown for each study arm as of the data cut‐off for the end of the study. Some patients did not have documented progressive disease or death as of the cut‐off date. NE, not estimable; PFS, progression‐free survival.](BJH-189-650-g004){#bjh16424-fig-0004}

An analysis of tumour burden based on FLIPI scores showed high response rates (78--100%) in both arms, regardless of risk scores. The median PFS and OS were not reached in either arm for patients with low‐ or intermediate‐risk FLIPI scores; of those with high‐risk FLIPI scores, the median PFS and OS were 41·9 months in Arm 1 and not reached in Arm 2. BCL‐2 translocation in PB was used to determine the MRD status of 28 patients with evaluable samples. Major breakpoint or minor cluster regions were detected in 12 patients at baseline; after CR, all 12 were MRD negative (\<0**·**01% FL cells in PB).

Safety {#bjh16424-sec-0012}
------

Treatment‐emergent adverse event frequency was similar between treatment arms. All patients experienced AEs, and 51 (64%) experienced a Grade 3/4 TEAE (Table [3](#bjh16424-tbl-0003){ref-type="table"}). Serious TEAEs occurred in 20 (25%) patients; the most common serious TEAEs were pyrexia (*n* = 5, 6%) and pneumonia (*n* = 4, 5%).

###### 

Summary of TEAEs.

  TEAE                                             Arm 1 (*n* = 60)   Arm 2 (*n* = 20)   Total (*n* = 80)                        
  ------------------------------------------------ ------------------ ------------------ ------------------ --------- ---------- ---------
  Any TEAE, *n* (%)                                60 (100)           37 (62)            20 (100)           14 (70)   80 (100)   51 (64)
  TEAEs in ≥ 20% of patients in any arm, *n* (%)                                                                                 
  Fatigue                                          41 (68)            7 (12)             15 (75)            1 (5)     56 (70)    8 (10)
  Diarrhoea                                        34 (57)            1 (2)              12 (60)            4 (20)    46 (58)    5 (6)
  Nausea                                           29 (48)            1 (2)              10 (50)            0         39 (49)    1 (1)
  Myalgia                                          20 (33)            3 (5)              9 (45)             2 (10)    29 (36)    5 (6)
  Cough                                            20 (33)            0                  6 (30)             1 (5)     26 (33)    1 (1)
  Maculopapular rash                               18 (30)            3 (5)              8 (40)             2 (10)    26 (33)    5 (6)
  Headache                                         19 (32)            0                  5 (25)             1 (5)     24 (30)    1 (1)
  Arthralgia                                       20 (33)            2 (3)              3 (15)             2 (10)    23 (29)    4 (5)
  Constipation                                     16 (27)            1 (2)              6 (30)             0         22 (28)    1 (1)
  Dizziness                                        13 (22)            0                  9 (45)             1 (5)     22 (28)    1 (1)
  Vomiting                                         16 (27)            1 (2)              6 (30)             0         22 (28)    1 (1)
  Muscle spasms                                    16 (27)            0                  5 (25)             1 (5)     21 (26)    1 (1)
  Pyrexia                                          16 (27)            2 (3)              5 (25)             3 (15)    21 (26)    5 (6)
  Stomatitis                                       10 (17)            1 (2)              11 (55)            0         21 (26)    1 (1)
  Upper respiratory infection                      13 (22)            0                  7 (35)             0         20 (25)    0
  Dry eye                                          15 (25)            0                  4 (20)             0         19 (24)    0
  Urinary tract infection                          13 (22)            1 (2)              5 (25)             2 (10)    18 (23)    3 (4)
  Paraesthesia                                     9 (15)             1 (2)              8 (40)             1 (5)     17 (21)    2 (3)
  Abdominal pain                                   12 (20)            1 (2)              4 (20)             0         16 (20)    1 (1)
  Dyspnoea                                         12 (20)            1 (2)              4 (20)             0         16 (20)    1 (1)
  Infusion‐related reaction                        14 (23)            0                  1 (5)              0         15 (19)    0
  Oropharyngeal pain                               10 (17)            0                  5 (25)             0         15 (19)    0
  Vision blurred                                   8 (13)             0                  6 (30)             0         14 (18)    0
  Memory impairment                                9 (15)             0                  5 (25)             0         14 (18)    0
  Sinusitis                                        7 (12)             0                  5 (25)             0         12 (15)    0
  Hypomagnesaemia                                  6 (10)             0                  4 (20)             0         10 (13)    0
  Lacrimation increased                            3 (5)              0                  6 (30)             0         9 (11)     0
  Peripheral swelling                              5 (8)              0                  4 (20)             0         9 (11)     0
  Dry mouth                                        4 (7)              0                  4 (20)             0         8 (10)     0
  Any serious TEAE, *n* (%)                        14 (23)            11 (18)            6 (30)             5 (25)    20 (25)    16 (20)
  Any Grade 5 TEAE, *n* (%)                        2 (3)              2 (3)              0                  0         2 (3)      2 (3)
  Dose modifications due to a TEAE, *n* (%)                                                                                      
  Ibrutinib dose reduction                         9 (15)             6 (10)             5 (25)             4 (20)    14 (18)    10 (13)
  Withholding of rituximab dose                    1 (2)              1 (2)              1 (5)              1 (5)     2 (3)      2 (3)
  Discontinuation due to a TEAE, *n* (%)                                                                                         
  Discontinuation of ibrutinib                     14 (23)            11 (18)            2 (10)             1 (5)     16 (20)    12 (15)
  Discontinuation of rituximab                     0                  0                  0                  0         0          0

TEAE, treatment‐emergent adverse event.
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Most patients (96%) experienced TEAEs deemed related to ibrutinib, including 54% with a Grade 3/4 TEAE. The most frequently reported ibrutinib‐related TEAEs were fatigue (*n* = 52, 65%), diarrhoea (*n* = 39, 49%), nausea (*n* = 35, 44%), myalgia (*n* = 26, 33%) and maculopapular rash (*n* = 25, 31%). Rituximab‐related TEAEs were reported for 67 (84%) patients, including 18 (23%) with a Grade 3/4 rituximab‐related TEAE. The most common rituximab‐related TEAEs were fatigue (*n* = 39, 49%) and diarrhoea (*n* = 25, 31%).

Treatment‐emergent adverse events led to dose reductions of ibrutinib in 14 (18%) patients, mostly due to fatigue (*n* = 6, 8%). Rituximab was withheld in two patients due to TEAEs (increased aminotransferase levels and macular rash). TEAEs led to ibrutinib discontinuation in 16 (20%) patients; no patient discontinued rituximab due to a TEAE. Four deaths were deemed unrelated to study treatment: Hodgkin lymphoma, multisystem organ failure (exact cause unknown), and two unknown causes. The death from Hodgkin lymphoma and one of the deaths from unknown causes occurred several months after study discontinuation.

The frequency of Grade 3/4 haematological TEAEs was low, with neutropenia reported in seven (9%) patients and febrile neutropenia in two (3%). No Grade 3/4 anaemia or thrombocytopenia events were reported. Bleeding (any grade) was reported in 32 (40%) patients. Two Grade 3/4 bleeding events (rectal and ear haemorrhage) occurred. Cardiac TEAEs occurred in 11 (14%) patients: cardiac flutter (*n* = 2); palpitations (*n* = 2); and atrial flutter, irregular heart rate, bradycardia, sinus bradycardia, tachycardia, sinus tachycardia, paroxysmal tachycardia, ventricular tachycardia and syncope (*n* = 1 each). Six (8%) patients experienced atrial fibrillation, including two (3%) with Grade 3/4 events. Two patients experienced Grade 3/4 cardiac TEAEs (ventricular tachycardia and syncope). No opportunistic infections occurred except one case of clinically asymptomatic lung cryptococcosis.

Second malignancies \[defined by a conservative Standardised Medical Dictionary for Regulatory Activities (MedDRA) Query\] were reported in seven (9%) patients: non‐malignant skin cancer (*n* = 2) and transformation to diffuse large B‐cell lymphoma, fallopian tube cancer, gastrointestinal stromal tumour, lung adenocarcinoma and neuroendocrine tumour (*n* = 1 each).

Discussion {#bjh16424-sec-0013}
==========

The current standard of care for first‐line FL is rituximab or obinutuzumab, with or without chemotherapy or radioimmunotherapy (Subramanian *et al.*, [2017](#bjh16424-bib-0029){ref-type="ref"}). Rituximab‐based combination regimens (e.g. R‐CHOP, R‐CVP, BR, rituximab‐lenalidomide) demonstrated efficacy in patients with previously untreated FL, with ORRs of 81--100% and CR rates of 20--72% (Czuczman *et al.*, [2004](#bjh16424-bib-0007){ref-type="ref"}; Hiddemann *et al.*, [2005](#bjh16424-bib-0014){ref-type="ref"}; Marcus *et al.*, [2005](#bjh16424-bib-0019){ref-type="ref"}; Marcus *et al.*, [2008](#bjh16424-bib-0020){ref-type="ref"}; Rummel *et al.*, [2013](#bjh16424-bib-0028){ref-type="ref"}; Flinn *et al.*, [2014](#bjh16424-bib-0008){ref-type="ref"}; Fowler *et al.*, [2014](#bjh16424-bib-0009){ref-type="ref"}; Martin *et al.*, [2017](#bjh16424-bib-0022){ref-type="ref"}; Mondello *et al.*, [2018](#bjh16424-bib-0023){ref-type="ref"}; Morschhauser *et al.*, [2018](#bjh16424-bib-0024){ref-type="ref"}). No single regimen is currently favoured in clinical practice (Subramanian *et al.*, [2017](#bjh16424-bib-0029){ref-type="ref"}). The high response rates on rituximab plus chemo‐immunotherapy can be accompanied by substantial toxicity. Obinutuzumab plus chemo‐immunotherapy in a patient population with high tumour bulk also demonstrates high response rates (89%), but is associated with significant cytopenia (Marcus *et al.*, [2017](#bjh16424-bib-0021){ref-type="ref"}). Due to the relatively favourable toxicity profile, single‐agent rituximab is often recommended for patients with low tumour burden or who are not expected to tolerate chemo‐immunotherapy; however, single‐agent rituximab is associated with lower remission rates (ORR 47--73%) compared to chemotherapy combinations in first‐line treatment of FL (Colombat *et al.*, [2001](#bjh16424-bib-0006){ref-type="ref"}; Hainsworth *et al.*, [2002](#bjh16424-bib-0013){ref-type="ref"}). Data sufficient for assessing tumour burden according to GELF criteria were not systematically collected, and tumour burden was assessed via an analysis of bulky disease.

The primary objective, achieving an ORR surpassing that of single‐agent rituximab in FL (53%) (Hainsworth *et al.*, [2002](#bjh16424-bib-0013){ref-type="ref"}; Freedman *et al.*, [2009](#bjh16424-bib-0010){ref-type="ref"}), was reached with ibrutinib and rituximab in Arm 1 (85%, 95% CI 73--93), suggesting favourable efficacy of the combination *versus* rituximab alone. Arm 2 was exploratory and was not powered for primary endpoint assessment.

The ORR of ≥75% observed is also higher than ORRs (21--38%) reported for single‐agent ibrutinib in phase 1 and 2 studies of relapsed/refractory FL (Advani *et al.*, [2013](#bjh16424-bib-0001){ref-type="ref"}; Gopal *et al.*, [2016](#bjh16424-bib-0012){ref-type="ref"}; Bartlett *et al.*, [2018](#bjh16424-bib-0004){ref-type="ref"}). The higher ORR may be due to the addition of rituximab and to the previously untreated *versus* relapsed/refractory FL patient populations. Although the study was not designed and powered to compare across treatment arms, we did not observe different response rates in regard to rituximab infusion timing. Of note, two patients in Arm 2 who did not receive rituximab at Week 9 because of PD did not stabilise during study treatment; all patients in Arm 1 achieved stable disease or better.

The efficacy of ibrutinib plus rituximab combination therapy can be compared with published studies using non‐chemotherapeutic rituximab regimens in patients with FL. In the RESORT (Rituximab Extended Schedule or Retreatment Trial) study, 70·8% of patients with Grade 1 or 2 FL receiving induction rituximab monotherapy (four doses of 375 mg/m^2^ weekly) achieved a PR or better, with 11·8% achieving CR (including unconfirmed CR); among responsive patients subsequently assigned to receive maintenance rituximab therapy (375 mg/m^2^ every 13 weeks), 78% were progression‐free at 3 years, and those assigned to receive retreatment with rituximab upon PD had a 50% 3‐year PFS rate (Kahl *et al.*, [2014](#bjh16424-bib-0017){ref-type="ref"}). In a separate study, untreated patients with FL who received rituximab induction therapy (four doses of 375 mg/m^2^ weekly) and achieved an objective response or stable disease and subsequently received maintenance rituximab therapy (375 mg/m^2^ weekly for 4 weeks repeated every 6 months) achieved a response rate of 76% (Hainsworth *et al.*, [2002](#bjh16424-bib-0013){ref-type="ref"}). Interpretation of these findings, as well as those from the RESORT study, should take into consideration that patients who progressed after rituximab induction were excluded; thus, the population was selected for patients responsive to rituximab. In a study involving patients with asymptomatic, advanced‐stage, low tumour burden FL, the overall response rate was 84% (CR/CR unconfirmed/PR; CR, 69%) with rituximab induction therapy followed by rituximab maintenance therapy (375 mg/m^2^ every 4 weeks followed by 12 infusions of rituximab given at 2‐monthly intervals for 2 years). At month 25, an ORR of 57% (CR 33%) with rituximab induction therapy (375 mg/m^2^ every 4 weeks) was reported (Ardeshna *et al.*, [2014](#bjh16424-bib-0002){ref-type="ref"}). These data are noteworthy given the similarity in baseline disease characteristics compared with the present study (similar proportions of patients with FL Grade 1 or 2 and Stage II, III or IV disease), although the present study had slightly more patients with a high‐risk FLIPI score. In the Swiss Group for Clinical Cancer Research (SAKK) 35/10 study, after a median follow‐up of 4 years, untreated patients with Grade I--IIIa FL had substantially improved PFS with rituximab combination therapy; the median PFS was 5 years with rituximab (375 mg/m^2^ on day 1 and at weeks 1--4 and 12--15) plus lenalidomide (15 mg daily for 18 weeks), whereas the median PFS was 2·3 years with single‐agent rituximab (same dose and regimen) (Zucca *et al.*, [2019](#bjh16424-bib-0031){ref-type="ref"}). Combination therapy with a triplet regimen of rituximab, lenalidomide and ibrutinib was evaluated in previously untreated FL and demonstrated an ORR of 94% and a CR rate of 38% (Ujjani *et al.*, [2016](#bjh16424-bib-0030){ref-type="ref"}). Taken together, these results and the present study's median PFS of 41·9 months on rituximab‐ibrutinib treatment demonstrate the benefit of non‐chemotherapeutic rituximab combination regimens for FL.

Minimal residual disease analysis was performed for patients who achieved CR, but was limited due to sample availability. No evidence of MRD was found in 12 patients \[with major breakpoint or minor cluster regions detected in BCL‐2 t(14;18) at baseline\] who achieved a CR. Ongoing collaborations with investigators from similar studies in indolent lymphoma to identify and analyse larger sample sets, including genetic analyses and MRD, may generate additional predictive and prognostic biomarkers.

The combination of ibrutinib plus rituximab was well tolerated, with a low rate of treatment discontinuation due to TEAEs. No new safety signals were identified, but, as expected, the proportions of patients who experienced diarrhoea, nausea and maculopapular rash over the course of study treatment were higher than those reported in patients with FL on single‐agent rituximab (Hainsworth *et al.*, [2002](#bjh16424-bib-0013){ref-type="ref"}; Freedman *et al.*, [2009](#bjh16424-bib-0010){ref-type="ref"}). Few individual Grade 3/4 TEAEs were observed in more than five (6%) patients. Notably, Grade 3/4 haematological, haemorrhagic and cardiac TEAEs, as well as infections were uncommon in this study, and the rate of Grade 3/4 neutropenia was 9%. The rate of Grade 3/4 AEs overall (64%) was similar to the rates observed in the RELEVANCE study \[Rituximab Lenalidomide versus Any Chemotherapy\] for rituximab plus lenalidomide (65%) and rituximab plus chemotherapy (R‐CHOP, R‐CVP, or BR, 68%) (Morschhauser *et al.*, [2018](#bjh16424-bib-0024){ref-type="ref"}).

In general, the safety profile of ibrutinib plus rituximab was similar to that of single‐agent ibrutinib (Advani *et al.*, [2013](#bjh16424-bib-0001){ref-type="ref"}; Gopal *et al.*, [2016](#bjh16424-bib-0012){ref-type="ref"}; Bartlett *et al.*, [2018](#bjh16424-bib-0004){ref-type="ref"}). The present study's low rate of haematological TEAEs contrasts with the safety profiles seen with regimens that combine rituximab and chemotherapy in first‐line FL. For example, patients with previously untreated FL who received R‐CVP had a 24% rate of Grade 3/4 neutropenia (Marcus *et al.*, [2008](#bjh16424-bib-0020){ref-type="ref"}) and 63% of patients with previously untreated FL given R‐CHOP had Grade 3/4 granulocytopenia (Hiddemann *et al.*, [2005](#bjh16424-bib-0014){ref-type="ref"}). Similarly, in the RELEVANCE study in first‐line FL, the rituximab‐chemotherapy combination (either R‐CHOP, R‐CVP, or BR) showed a 50% rate of Grade 3/4 neutropenia (Morschhauser *et al.*, [2018](#bjh16424-bib-0024){ref-type="ref"}). The rates of Grade 3/4 neutropenia with the combination of ibrutinib plus rituximab (9%) compared favourably with another non‐chemotherapy containing combination of rituximab plus lenalidomide also evaluated in the RELEVANCE study (32%) (Morschhauser *et al.*, [2018](#bjh16424-bib-0024){ref-type="ref"}). However, differences in patient populations and prescribed evaluations between the present analysis and RELEVANCE make additional investigation of ibrutinib plus rituximab treatment necessary to draw definitive conclusions about the combination's relative efficacy and toxicity.

A limitation of the present analysis was that GELF criteria were not systematically collected for all patients. Tumour burden was assessed by an analysis of bulky disease. As there was no requirement for patients to have a high tumour burden, many patients with low tumour burden were enrolled. Only 20% of patients in Arm 1 and 5% of patients in Arm 2 had bulky disease (target lesion longest axis ≥7 cm in one or more sites). Furthermore, even smaller proportions of patients in Arm 1 (3%) and Arm 2 (5%) had bulky disease with a target lesion longest axis ≥10 cm in one or more sites. The effect of tumour burden on response to treatment is being studied in an ongoing phase 3 study.

In conclusion, the combination of ibrutinib with four weekly infusions of rituximab demonstrated clinical activity and durable responses in first‐line FL. This combination was well tolerated, with a manageable overall safety profile consistent with those of single‐agent ibrutinib or rituximab. Additional randomised studies are needed to determine whether ibrutinib plus rituximab provides additional benefit over rituximab alone in the untreated setting. Based on the results of this study, an international phase 3 study, PCYC‐1141‐CA (PERSPECTIVE; NCT02947347), is ongoing. PERSPECTIVE is evaluating ibrutinib plus rituximab *versus* rituximab plus placebo and includes rituximab maintenance in patients who are elderly and/or unfit, including those with low tumour burden.
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